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(54) Polycapillary chromatographic column and the method of its manufacturing

(57) Polycapillary chromatographic column con-
tains a set of parallel channels isolated from each other,
walls of the channels on the inside are covered with
sorbent, and are joined with walls of adjacent channels
on the outside by fusing. Feature of a column is that it
is produced as set of modules of a various level, thus
the module of the lowest level represents hexagonally
packed and having in cross-section shape of a correct
hexagon set of the channels which are produced by joint
drawing of a bundle of monocapillaries in the softened
condition. The module of each higher level represents
hexagonally packed and having in cross-section shape
of a correct hexagon set of modules of the previous lev-
el, growing out by their joint drawing in the softened con-
dition. All modules of the highest level (the modules are
made in shells 2 on the drawing) are grouped in the uni-
form hexagonally packed structure (on the drawing it is
surrounded with an external protective shell 3), pro-
duced by their joint drawing in the softened condition.

The method of columns manufacturing consists in
realization of several stages drawing of blanks packag-
es, each of which is drawing result at the previous stage,
and cuttings produced at drawing items on a part of the
specified length - blanks.

The micrometer and submicrometer size of chan-
nels are achieved at their number equal 1 million in order
of magnitude with small dispersion of the channel diam-
eters.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] Proposed inventions are related to area of an-
alytical chemistry, namely to a chromatography and to
fabrication methods of the chromatography equipment
elements, more concrete - to the chromatographic col-
umn and method of its manufacturing.

2. Description of Related Art

[0002] One of modem tendencies of analytical chem-
istry is a miniaturization of chromatographic equip-
ments, including use of capillary columns in the chro-
matography (Tesarszik K., Komarek K. Capillary col-
umns in gas chromatography (in Russian - translation
from Czech). - Moscow, Publishing house "Mir", 1987,
222 p. [1]). Using the capillary columns with a sorbent
located on internal walls has allowed to increase specific
and general efficiency of achievable separation, to re-
duce sorbent consumption, to increase considerably
sensitivity of chromatographic analytical system and to
improve such characteristics of process as a radial gra-
dient of temperature at programming, to simplify reali-
zation of hyphenated method of the gas chromatogra-
phy analysis in a combination with mass-spectrometry.
[0003] Separation of substance sample on its compo-
nents in a chromatography is determined by two char-
acteristics of chromatographic column - its selectivity
and efficiency. Measure of selectivity is relative retention
of separated components, and measure of efficiency is
characterized by number of so-called theoretical plates.
Basic advantage of the chromatographic capillary col-
umns is that on absolute and relative efficiency of these
columns essentially surpass traditionally used chroma-
tographic packed columns having diameter more then
2 mm. Total efficiency of capillary columns is
30000-100000 theoretical plates, and more (Rudenko
B.A. Capillary chromatography (in Russian) - Moscow,
Publishing house "Nauka", 1978. - 215 p. [2]) that much
more surpasses efficiency of the packed columns.
[0004] Together with such advantage as high efficien-
cy of sample components separation, chromatographic
capillary columns have the disadvantage consisting in
significant restriction of the sample's weight. It reduces
a signal magnitude at the analysis and sharply increas-
es the limit of determined concentration.
[0005] This advantage is reduced in polycapillary
(multichannel) chromatographic columns, being a pack-
age of 1000-2000 capillaries of diameter from 30 up to
100 micrometers located in parallel to each other (the
inventor's certificate of the USSR N…968181, issued
15.08.91 [3]; inventor's certificate of the USSR
N…1635128, issued 15.03.91 [4]; patent of the Russian
Federation N…1651200, issued 23.05.91 [5]).

[0006] However, when the column has such limited
number of capillaries, then even insignificant distinc-
tions in amount of the deposited mobile phase in them
result in occurrence of a significant dispersion of reten-
tion times of substances. The dispersion essentially re-
duces efficiency of separation achievable with the aid of
such columns. As a result, the efficiency of such col-
umns stops increase when their length surpasses
1,0-1,5 m.
[0007] In inventor's certificate of the USSR
N…1635128 (issued 15.03.91 [6]) the method of manu-
facturing polycapillary chromatographic columns is pro-
posed. The method's purpose is increasing uniformity
of the columns' flow areas. The method provides man-
ufacturing a column by softening and drawing bank of
blanks formed from cylindrical rods of identical size. The
rods forming central part of the blank of each separate
channel are made from a technological material, should
be later removed. Rods, surrounding the central part,
are produced from the base material. These rods after
removing the technological material form a walls of the
channel. A package of blanks is formed in a way, pro-
viding hexagonal or square packing the rods' group
[0008] Known method on the inventor's certificate of
the USSR N…1635129 (issued 15.03.91 [7]) in compar-
ison with previous is more complicated. Some of the
rods surrounding rods of the blank's central part of the
single channel are also produced from the technological
material. After removing the technological material, it re-
sults in formation of longitudinal grooves in walls of the
channels. The grooves connect the joint channels with
each other.
[0009] Thus, polycapillary chromatographic columns
made by the methods, known from [6] and [7], contain
set of the parallel channels. The channels are joined by
fusion of external walls of the adjacent channels. At that
in the column made by the method known from [6], chan-
nels are isolated from each other, and in a column
known from [7] the adjacent channels are connected
with each other by means of longitudinal grooves in their
walls.
[0010] Polycapillary chromatographic columns made
according to the specified methods require large labor-
consumption. The large labor-consumption is caused by
the necessity of manual forming the blank of each chan-
nel. At that, it is not possible to produce the blank having
channels number exceeding provided in known col-
umns [3 - 5]. Therefore, further increase of the chroma-
tographic column parameters is impossible. Therefore,
realization of advantage of the manufacturing methods
known from [6, 7] is impossible too.
[0011] Polycapillary chromatographic column and
method of its manufacturing known from the inventor's
certificate of the USSR N…1635128 [6] are closest to the
proposed column and method.
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SUMMARY OF THE INVENTION

[0012] The technical result, which would be provided
by proposed inventions, consists in producing chroma-
tographic columns with the channels' of submicron
cross-section sizes. At that the channels number is in-
creased up to hundreds of thousands and more with cor-
responding substantial increase of efficiency due to in-
crease in a total surface of walls of channels. The man-
ufacturing techniques of polycapillary chromatographic
columns on offered method simultaneously provides re-
duction of dispersion of the channel cross-section size.
[0013] Proposed polycapillary chromatographic col-
umn, as well as the closest to it column [6], contains set
of parallel channels isolated from each other. The chan-
nel walls internal surface is covered with a sorbent. The
walls external surfaces are joined by fusing with adja-
cent channels.
[0014] To achieve specified technical result the pro-
posed polycapillary chromatographic column, as
against the known column closest to it, is produced as
set of modules of a various level. At that, the module of
lowest level represents hexagonally packed and having
in cross-section correct hexagonal shape set of the
channels. This set is result of mutual drawing the bank
of monocapillaries in softened condition At that the mod-
ule of each higher level represents hexagonally packed
and having in cross-section the correct hexagonal
shape set of the modules of previous level. This set is
result of mutual drawing the modules in the softened
condition. All modules of the highest level are arranged
in the uniform hexagonally packed structure, which is
the result of their joint drawing in softened condition.
[0015] To increase mechanical strength of the column
the modules of each levels can have a shell, produced
from the same material, as a wall of channels, or from
material close to it on thermal expansion factor.
[0016] All modules of the highest level can be ar-
ranged in the common shell. The shell is external pro-
tective one of polycapillary chromatographic column.
[0017] The walls of channels, external protective shell
and shells of modules of all levels can be produced from
a glass, ceramics, or metal.
[0018] The offered method of column manufacturing,
as well as the known method closest to it from the in-
ventor's certificate [6], includes drawing the hexagonally
stacked package of the blanks, which have been heated
up in the furnace to the material softening temperature.
[0019] To achieve the mentioned above technical re-
sult the proposed method, as against the closest to it
known one, is performed in several stages, on the each
stage a package of earlier made blanks is formed. At
the first stage monocapillaries are used as blanks. At
each of the subsequent stages - the blanks received as
a result of realization of the previous stage are used. In
the process of drawing prepared package the rate of its
feeding to a furnace is lower, than withdrawal rate of the
article from the furnace, at a constant ratio between

these rates. Blanks, which are leaving furnace at the giv-
en stage, are cut on specified length. And after sorbent
deposition to the channels internal surface, the process
of polycapillary chromatographic column production is
finished.
[0020] In the proposed method during formation of the
blank package the blanks are arranged in parallel lines
so that the difference of quantity of blanks in any two
next lines was odd. For all stages, except the last one,
at stacking the package a mandrel is used. The mandrel
has shape of correct hexagonal prism. At last stage the
prism's shape not necessary should be hexagonal and
correct. The stacking of blanks could be performed into
tubular container of the desirable shape. At the last case
for formation of a flat side on which the first line of blanks
is stacked, the loose leaf is inserted into the specified
container. The loose leaf on the one side is congruous
with the container, and on the other one is flat.
[0021] To increase mechanical strength of the poly-
capillary columns the blanks, produced at each stage
and subjected to stacking in a package at the following
stage, are made with shells. For this purpose at the
package stacking the solid rods are put on its periphery
at formation of the blanks package. The rods are iden-
tical with blanks on the shape. They have geometrical
sizes and the linear expansion coefficient of their mate-
rial identical or close to the blanks' sizes and their ma-
terial linear expansion.
[0022] Performance of such operation at the package
formation that is subjected to drawing at last stage of
the method realization results in production of polycap-
illary chromatographic columns, encased into external
protective shell. If the package subjected to drawing at
last stage of the method is formed by stacking blanks
into the tubular container, then the external protective
shell is produced in result of the drawing tubular con-
tainer together with a package of blanks inserted in it.
[0023] A glass, ceramics or metal can be applied as
a material of the monocapillaries, used as blanks at the
first stage for production the shells of different level mod-
ules and external protective shells, and also complete
polycapillary chromatographic columns.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Proposed inventions are illustrated by draw-
ings on which there are presented:

On Fig. 1 - a schematic cross-section view of poly-
capillary chromatographic column;
On Fig. 2 - process of drawing;
On Fig. 3 - process of the formation of blank pack-
age for first stage of the method;
On Fig. 4 - the form of blank cross-section received
as a result of the first stage of method;
On Fig. 5 - use of the loose leaf at stacking the
blanks' package at the final stage of method in a
tubular container.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] On Fig. 1, modules of a highest level with shells
1 are presented. Each of these modules is formed by
group of modules 2 of the previous level. On Fig. 1, each
module of a highest level is conditionally shown consist-
ing of seven modules of the previous level (actually their
number is much more; the scale of the drawing does not
allow to show also their internal structure with modules
of lower levels). All modules of a highest level grouped
in uniform hexagonal structure and placed in the com-
mon protective shell 3, forms chromatographic column.
[0026] It is necessary to pay attention on the design
of proposed polycapillary chromatographic column,
which does not represent simple result of assembly in
direct sequence. At the first stage the channels - mono-
capillars are joined into modules of the first level, then
the modules are grouped as modules of the second lev-
el, etc. The structure is inextricably related with the of-
fered method of manufacturing polycapillary chromato-
graphic columns. Modules of the levels and polycapil-
lary chromatographic column are produced only as the
result of the method realization as a whole, after several
stages of drawing. It is impossible to disassembly the
produced polycapillary chromatographic column on
modules of different level and on separate channels.
[0027] To produce described polycapillary chromato-
graphic columns by the proposed method, a package of
blanks 4 (Fig. 2), for example, glass one, prepared at
the previous stage of the method is fed vertically into
furnace 5 with the help of the top drive 6. Then the pack-
age is drawing from the furnace at rate exceeding speed
of feed, with the help of bottom drive 7. Resulted item 8
has essentially smaller cross-section size, than the
package 4 on the furnace input. Temperature in the fur-
nace should be sufficient for a softening the material and
fusing adjacent blanks, forming package 4. At the first
stage monocapillaries, in particular, glass ones, are
used as blanks, which form the package. Glass mono-
capillaries as itself could be produced with similar meth-
od by drawing the glass tubes with their subsequent cut-
ting on pieces of the specified length.
[0028] At drawing in the furnace, axial symmetric tem-
perature field is provided. The temperature field has
shown on Fig. 2 distribution of temperature T on height
L of the furnace, and a narrow maximum 9. The area of
transition 10 of the blanks package 4 having initial cross-
section size to smaller diameter of the article 8 is in the
zone of narrow peak 9 of temperature distribution along
furnace height.
[0029] To prevent capillaries flattening ("closing") dur-
ing the drawing process, accompanying with compres-
sion of blanks, the pressure in space between the blanks
is maintained at a value, lower, than the pressure inside
blanks channels. It is important to maintain the value of
pressure in channels of module capillaries of the lower-
most level higher, than the pressure in the specified

space. For this purpose, it is necessary to close the top
ends of channels of blanks before the package forma-
tion (for example, by fusing the top ends of the blanks),
and at the drawing process, is necessary vacuumization
of the package (evacuating gases) through the top end
face of the blanks' package (the pumping out is sche-
matically shown by an item 11 on Fig. 2). Sealing of the
bottom ends of blank channels is not necessary. The
sealing is provided due to essential reduction of the
cross-section size of the package leaving the furnace in
comparison with the cross-section size of the blanks'
package fed to the furnace from top.
[0030] Produced by drawing the article after cooling
is cut. The obtained pieces are blanks for the following
stage. They are again formed into a package and drawn,
like in previous stage.
[0031] Process of formation of the package of blank-
capillaries for carrying out the first stage of offered meth-
od is shown on Fig. 3 for a special case when modules
of the first level should have a shell. On Fig. 3 there are
shown demountable mandrel 12, having apertures as
exact hexagonal prisms, and blanks (in this case - circle
monocapillaries 13 and solid rods 14 of same diame-
ters). The solid rods 14 (on the drawing are black) locat-
ed on periphery of the package are intended for forma-
tion shell of the module (in this case - the module of the
first level). Blanks are stacked in the horizontal layers
parallel to the bottom horizontal sides of apertures of
mandrel 12. The quantity of blanks in any two adjacent
layers differs on odd number.
[0032] In result of drawing on the diagram shown on
Fig. 2, round capillaries turn to channels 15 (Fig. 4), hav-
ing a shape close to hexagonal. On the drawing the shell
of 16 blanks is shown, the shell is produced at the first
stage of the method. It is intended for use at formation
of a package of the second stage. At the drawing proc-
ess in the diagram of Fig. 2, sectional mandrels (on Fig.
2 are not shown) are removed from a package 4 during
process of its feeding into a furnace 5.
[0033] At subsequent stages of the method the pack-
ages are formed in a way that is similar to one shown
on Fig. 3, and a difference is that now the blanks having
shape close to hexagonal are used. Formation of the
package for the method's final stage can differ in aper-
ture shape of used mandrels. The mandrel not neces-
sarily should have the shape of correct hexagonal prism
and its shape can represent a convex polygon in cross-
section; one of the polygon sides at beginning of the
package formation process should be located in hori-
zontal plane. At this stage, the package can be formed
also by hexagonal stacking of blanks into a tubular con-
tainer 17 (Fig. 5) having specified cross-section shape.
Absence of a flat side of the tubular container can be
compensated by inserting into the container the loose
leaf 18, that is on one side congruous with the container,
and on the other side- flat. The first line of blanks (in this
case-modules of a highest level with the shells 1, the
modules formed by groups 2 of the previous levels) is
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stacked on a flat surface of the loose leaf 18.
[0034] Hexagonal stacking of round blanks at the first
stage provides the greatest permeability of the first level
modules. Use of hexagonal shape blanks and their hex-
agonal stacking at the subsequent stages provide the
most dense packing channels. And all these actions,
hence, provide the greatest permeability of produced
columns as a whole, including the columns having po-
lygonal form of cross-section. That shape differs from
the correct hexagon , or at package stacking into a tu-
bular container for last stage of the method too. Fea-
tures of the described technology provide small disper-
sion of the cross-section size of channels - capillaries.
[0035] When the column is intended for use in a gas
chromatography, then sorbent layer is deposited onto
the walls of channels-capillaries by supplying 3-10 % -
sorbent solution in organic solvent through the column's
channels and subsequent evaporation of the solvent by
inert gas flow.
[0036] Column specified for use in a liquid chroma-
tography, should have etched walls of channels - capil-
laries. Suitable agent, for example, 20 % NaOH-solution
or the concentrated ammonia at increased temperature,
should be used for the etching. Then the etching agent
is washed out with pure water.
[0037] In finished pre-production models of polycap-
illary columns, the channel cross-section size value is 1
micron at the channels number about 1 million.
[0038] So large number of channels of midget diam-
eter provides essential increase in the sensitivity of
chromatographic analysis due to sharp increasing walls'
total surface of the column channels.
[0039] It is experimentally confirmed, that uniform lay-
ing a stationary phase on walls of channels is provided
at solution supplying through them.
[0040] In experiments on a gas chromatography at
length of columns 400 mm the efficiency of 2 - 4 thou-
sand theoretical plates or 5-10 thousand theoretical
plates for one meter of the column length is achieved.
In the liquid chromatography value of efficiency is about
1500 theoretical plates at length of a column of 100 mm.
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Claims

1. Polycapillary chromatographic column containing
set of parallel channels isolated from each other,
walls of the channels are covered with a sorbent on
the inside, and the external sides of the walls are
joint with walls of the adjacent channels with fusing,
characterized in that it is produced as set of mod-
ules of a various level, thus the module of the lowest
level represents hexagonally packed and having in
cross-section shape of a correct hexagon set of the
channels which are produced by joint drawing of a
monocapillaries blank in the softened condition, the
module of each higher level represents hexagonally
packed and having in cross-section shape of a cor-
rect hexagon set of modules of the previous level,
that is produced by their joint drawing in the sof-
tened condition, all modules of the highest level are
grouped in uniform hexagonally packed structure,
the structure is made by their joint drawing in the
softened condition.

2. A column according to claim 1, characterized in
that modules of all levels are produced with shells
made from the same material, as walls of channels,
or close to it in temperature factor of linear expan-
sion.

3. A column according to claim 1, characterized in
that all modules of the highest level are made in the
common shell which is an external protective shell
of the polycapillary chromatographic column.

4. A column according to claims 1-3, characterized
in that walls of channels, an external protective
shell and environments of modules of all levels are
made from a glass, ceramics or metal.

5. A method of the manufacturing polycapillary chro-
matographic columns, including the drawing hexag-
onally stacked package of blanks which have been
heated up in the furnace up to temperature of a sof-
tening of a material of blanks, characterized in that
it is performed it in several stages, on each of which
a package of earlier made blanks is formed, at the
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first stage the monocapillaries are used as blanks,
and on each of the subsequent stages - the blanks
are produced as a result of realization of the previ-
ous stage, in process of drawing the prepared pack-
age feeding rate of the package into a furnace is
less, than rate of its exit from the furnace, at a con-
stant ratio between these rates, and by cutting an
article leaving the furnace on length at all stages
receive the blanks which are produced on the given
stage, and after laying sorbent on an internal sur-
face of channels of the blanks received at last stage,
the finished polycapillary chromatographic columns
are produced.

6. A method according to claim 5 characterized in
that at all stages, except for the last one, at the
package stacking a mandrel having shape of cor-
rect hexagonal prism is used, and at last stage the
mandrel having desirable shape is used, during the
package formation the blanks are stacked in hori-
zontal lines parallel to the bottom side of used man-
drel, at that a difference of number of blanks in any
two next lines equal to odd number should be pro-
vided.

7. A method according to claim 5 characterized in
that the blanks received at each stage, are pro-
duced with shells for what at formation of a package
of blanks for the current stage on its periphery the
solid rods made of the material having the same or
close linear expansion to the blank material proper-
ties are stacked, the rods have shape and the geo-
metrical sizes that are identical with the blanks
ones.

8. A method according to claim 5 characterized in
that the finished polycapillary chromatographic col-
umns produced at last the stage, are made with pro-
tective shell for what at formation of the blanks'
package on this stage the hexagonal stacking in a
tubular container with the required shape of the
cross-section section is performed. The container
is made from a material with same, as at blanks, or
close to its temperature factor of linear expansion.
A loose leaf should be used at the stage. The loose
leaf shape on the one side is congruous to a con-
tainer, and on the other side is flat.

9. A method according to claims 7 or 8 characterized
in that the monocapillaries used at the first stage,
and also the continuous rods used as blanks for
shell production of modules of a different level or a
protective shells of finished polycapillary chromato-
graphic column, or the tubular container used for
same purpose, are produced of glass, ceramics or
metal.
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